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Background and Aims: Data comparing the efficacy and safety of OverStitch (Apollo Endosurgery, Marlbor-
ough, Mass, USA), X-Tack (Apollo Endosurgery), and endoscopic hand suturing (EHS) for closure of GI defects
after endoscopic resection are limited. We conducted a meta-analysis of the available data.

Methods: Online databases were searched for studies evaluating different closure systems for GI defects. The
outcomes of interest were technical success, clinical success, and adverse events. Pooled proportions were

calculated.

Results: Fifteen studies (4 for EHS, 6 for OverStitch, 4 for X-Tack, and 1 for both OverStitch and X-Tack) were
included. The pooled outcomes for EHS were 98% technical success, 96% clinical success, 2% adverse events, 3%
bleeding, and 1% perforation; for OverStitch were 93% technical success, 93% clinical success, 6% adverse events,
3% bleeding, and 3% perforation; and for X-Tack were 95% technical success, 94% clinical success, 3% adverse

events, 2% bleeding, and 1% perforation.
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Closure of GI defects

Conclusions: All 3 closure methods showed comparable high technical and clinical success rates. EHS and X-
Tack had lower adverse event rates than OverStitch. Future direct comparison studies are needed to corroborate

our findings. (Gastrointest Endosc 2025;102:326-36.)

Endoscopic resection is a minimally invasive treatment
for large polyps and early malignancies of the GI tract.
American Society for Gastrointestinal Endoscopy guide-
lines recommend that the choice of resection strategy,
either endoscopic submucosal dissection (ESD) or EMR,
should be based on lesion size." ESD has been shown to
have a better en bloc resection rate, significantly higher
curative resection rate, and local recurrence rate as
compared with EMR.”” However, ESD is a more complex
and time-consuming process, and adverse events such as
bleeding (1.7%-10%) and perforation (2.9%-5.2%) were
found to be higher with ESD.">

Prophylactic closure of the mucosal defects after ESD
is associated with a lower incidence of bleeding and
perforation.”” Thus, the American Gastroenterology As-
sociation recommended that gastroenterologists perform-
ing these procedures should be familiar and proficient
with endoscopic tissue closure devices.” Closure of the
mucosal defect by endoscopic suturing has been shown
to be more effective than with hemostatic endoscopic
clips.”

The OverStitch device (Apollo Endosurgery, Marlborough,
Mass, USA) is an over-the-scope endoscopic suturing system
shown to be efficacious in defect closure. This device requires
a double-channel endoscope, making it challenging to reach
defects in the right side of the colon.'”"" However, recently,
a version that can be used with a single-channel endoscope
has been developed.'” A through-the-scope suturing system,
X-Tack (Apollo Endosurgery), uses helix tacks with sutures
that can be passed through a standard biopsy channel. It has
been shown to be safe and effective for closure of large de-
fects."'" Recently, endoscopic hand suturing (EHS), which
is a suturing technique using a through-the-scope needle hold-
er (FG-Y0015; Olympus, Hachioji, Tokyo, Japan) and a curved
needle with an absorbable barbed suture (VLOCL0604; Covi-
dien, Galway, Ireland), was developed for defect closure.
Studies have shown its feasibility and efficacy in the successful
closure of defects.' ™'

Data comparing the efficacy and safety of these suturing
systems are limited. The only head-to-head study comparing
OverStitch and X-Tack, by Agnihotrietal,' was recently pub-
lished. Otherwise, there are no studies that compare these
devices. Thus, we aimed to perform a systematic review
and meta-analysis comparing the safety and efficacy of Over-
Stitch, X-Tack, and EHS for the closure of GI mucosal defects
after endoscopic resection.

METHODS

Search strategy

A comprehensive search of the databases EMBASE,
PubMed, and Scopus was conducted from inception to
February 16, 2024. With inputs from the study authors, an
expert medical librarian helped perform the literature
search. Key words used in the search included but were
not limited to the following terms: “ESD,” “EMR,” “closure,”
“endoscopic suturing,” “OverStitch,” “X-Tack,” “endoscopic
hand suturing,” “bleeding,” and “perforation.” The searches
excluded non-English language studies.

The Preferred Reporting Items for Systematic reviews
and Meta-Analyses guidelines were used for our study
(Supplementary Fig. 1 and Appendix 1, available online at
www.giejournal.org). Our search was restricted to studies
published in peer-reviewed journals or presented as ab-
stracts at national society meetings.

Based on preset inclusion and exclusion criteria, 2 au-
thors (V.C.S.K. and S.S.) independently screened the
studies, and all studies that did not address this topic were
excluded. The selected articles were reviewed to ascertain
if they contained the necessary relevant data. The biblio-
graphic sections were searched for similar studies. Any
discrepancy in including studies was resolved by a co-
author (Ganesh Aswath).

Study selection

We included studies that met our inclusion criteria: age
>18 years; patients undergoing endoscopic suturing of
post-EMR or ESD defects; use of OverStitch, X-Tack, or
EHS for closure of mucosal defects; and data available on
the safety and efficacy of these devices. We only included
studies in English that met all our inclusion criteria. Our
exclusion criteria were no data on safety and efficacy,
age <18 years, and case series of fewer than 5 cases and
case reports. Studies that had any one of these were
excluded.

Data abstraction and quality assessment

A data extraction sheet was created, and the study char-
acteristics, data on intended outcomes, and patient charac-
teristics were collected. Three authors (S.S., V.C.SK., and
P.L.) independently extracted data. All data were reviewed
by a co-author (B.P.M.) for potential discrepancies and
were resolved.
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TABLE 1. Baseline characteristics of the studies using endoscopic hand suturing

Single or Median specimen Total no. of Mean Male Median suturing
Study Study type  multicenter Procedure Site size (mm) cases age (y) sex (%) time (min)
Akimoto 2022'°  Prospective Single ESD Gastric 30 22 74 90 36
Goto 2020'® Prospective  Multicenter ESD Gastric 36 30 73 80 495
Higuchi 2023'°  Retrospective  Multicenter ESD Gastric 336 43 749 88 40
Song 2023%° Retrospective Single ESD Colorectal 27.5 49 54 55.1 33
ESD, Endoscopic submucosal dissection.
TABLE 2. Baseline characteristics of the studies using the OverStitch device
Median or mean Median or

lesion or Male mean
Single or perforation Total no. Mean sex suturing
Study Study type multicenter Procedure Site size (mm) of cases age (y) (%) time (min)
Agnihotri Prospective Single ESD Gastric, 40.9 20 62.2 55 32
20247 colorectal
Ali 2023"" Retrospective  Single ESD Entire Gl tract 25 55 67 60 NA
Grande 2022°" Prospective Single ESD, endoscopic Gastric, NA 14 79 57 NA
full-thickness colorectal
resection
Han 2019% NA NA ESD Gastric, 32 14 NA NA NA
colorectal
Kantsevoy Retrospective Single ESD Gastric, 42.5 12 64.7 42 10
2014 colorectal
Keihanian Prospective Single ESD Entire Gl tract 53.8 33 62 51.5 16.64
2023'°
Ramay 2018°*  Retrospective  Single ESD Entire Gl tract 30 11 62 82 NA
Values are median.
ESD, Endoscopic submucosal dissection; NA, not applicable.
TABLE 3. Baseline characteristics of the studies using the X-Tack closure system
Median Median
Single or specimen size Total no. Mean Male suturing time
Study Study type multicenter Procedure Site (mm) of cases age (y) sex (%) (min)
Farha 2023'* Retrospective Multicenter ESD Colon/rectum 30 82 65 549 10
Bi 2023*° Retrospective Multicenter EMR Colon/rectum 35 94 65 48 NA
Almario 2023°°  Retrospective  Multicenter EMR Duodenum 29 36 65 39 NA
Agnihotri Prospective, Single ESD Stomach/ 404 20 61.8 50 233
20247 randomized trial colon/rectum
Canakis 2024°7 Retrospective ~ Multicenter Polypectomy Entire Gl tract NA 12 53.8 41 58 £+ 223
(EMR, ESD) (procedure)

ESD, Endoscopic submucosal dissection; NA, not applicable.

The quality of included studies was determined objec-
tively using a scale based on the Newcastle-Ottawa scale
for meta-analysis. The scale consisted of 6 questions, and
each received 0, 1, or 2 points if the study had adequately
met the criteria. We considered a total score of >6 as high
quality, 3 to 5 as fair quality, and <2 as poor quality. Two au-
thors (K.V. and S.S.) independently assessed the quality of

the studies. The senior author (D.G.A.) reviewed the final
quality assessment table and resolved any discrepancies.

Study outcomes

The primary outcome of the study was to analyze the
technical success rate of OverStitch, X-Tack, and EHS for
closure of mucosal defects after ESD and large EMR. We
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TABLE 4. Adverse events

Study No. of patients Total adverse events Bleeding Perforation
Endoscopic hand suturing

Akimoto 2022'° 22 1 0 0
Goto 2020'® 30 5 4 0
Higuchi 2023'° 43 0 0 0
Song 2023%° 49 0 0 0
OverStitch

Agnihotri 20247 20 0 0 0
Ali 2023"" 55 1 1 0
Grande 2022°' 14 1 0 0
Han 20197 14 0 0 0
Kantsevoy 2014 12 0 0 0
Keihanian 2023 33 12 1 0
Ramay 2018 11 0 0 0
X-Tack

Farha 2023'* 82 0 0 0
Bi 2023”° 94 4 3 0
Almario 2023°° 36 0 0 0
Agnihotri 2024"7 20 0 0 0
Canakis 2024”7 12 0 0 0

defined clinical success as lack of bleeding or perforation
after technically successful closure. Secondary outcomes
were delayed bleeding and delayed perforation.

Statistical analysis

We used meta-analysis techniques to calculate the
pooled estimate in each case using the random-effects
model, and our application can be seen to fit within their
general approach (where the effect is measured by the
probability of risk). When the incidence of an outcome
was 0 in a study, a correction of 0.01 was added to the
number of incident cases before statistical analysis. We as-
sessed heterogeneity between study-specific estimates
with the Cochrane Q statistics and I? statistics. In this,
values of <30%, 30% to 60%, 61% to 75%, and >75%
were suggestive of low, moderate, substantial, and consid-
erable heterogeneity, respectively. Additionally, we calcu-
lated the 95% confidence interval, which deals with the
dispersion of the effects. Publication bias was ascertained
qualitatively by visual inspection of the funnel plot. Egger
test was not performed because the number was less than
10. All analyses were performed by using Comprehensive
Meta-Analysis software, version 4 (BioStat, Englewood, NJ,
USA).

RESULTS

Of 1270 studies found on the initial search, 15 studies
met our inclusion and exclusion criteria and were included

in the final analysis: 4 for EHS, 6 for OverStitch, 4 for X-
Tack, and 1 for both OverStitch and X-Tack. ' 14151727
Baseline characteristics of the studies are shown in
Tables 1 to 3.

Endoscopic hand suturing

One hundred forty-four patients (mean age, 69 years;
78% men) were included. The pooled outcomes were a
technical success rate of 98% (95% CI, 93-99; = 0%),
clinical success rate of 96% (95% CI, 81-99; I* = 63%),
adverse event rate of 2% (95% CI, 0.8-7; I = 0%)
(Table 4), bleeding rate of 3% (95% CI, 0.7-15; I* =
52%), and perforation rate of 1% (95% CI, 0.4-5; I* =
0%) (Fig. 1).

OverStitch device

One hundred fifty nine-patients (mean age, 66 years;
58% men) were included. The pooled outcomes were a
technical success rate of 93% (95% CI, 87-97; I* = 0%),
clinical success rate of 93% (95% CI, 87-96; I* = 0%),
adverse event rate of 6% (95% CI, 2-21; I* = 71%)
(Table 4), bleeding rate of 3% (95% CI, 1-7; I* = 0%),
and perforation rate of 3% (95% CI, 0.9-6; I = 0%)
(Fig. 2).

X-Tack suturing system

Two hundred forty-four patients (mean age, 62 years;
47% men) were included. The pooled outcomes were a
technical success rate of 95% (95% CI, 88-98; I* =
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EHS Technical Success

Study name

Event rate and 95% CI

Event Lower Upper Relative
rate limit limit weight
Akimoto 2022 0.978 0.732 0.999 20.00
Goto 2020 0.967 0.798 0.995 —a 39.53
Higuchi 2023 0.989 0.843 0.999 20.22
Song 2023 0.990 0.859 0.999 20.24
Pooled 0.981 0.935 0.994
0.00 025 050 0.75 1.00
12 =0%
A ——
eta Analysis
EHS Clinical Success
Study name Event rate and 95% CI
Event Lower Upper Relative
rate limit limit weight
Akimoto 2022 0.978 0.732 0.999 20.85
Goto 2020 0.833 0.657 0.929 37.22
Higuchi 2023 0.989 0.843 0.999 20.96
Song 2023 0.990 0.859 0.999 20.97
Pooled 0.964 0.815 0.994 —=
0.00 025 050 0.75 1.00
12 =63%
B Meta Analysis
EHS Adverse Events
Study name Event rate and 95% CI
Event Lower Upper Relative
rate limit limit weight
Akimoto 2022 0.045 0.006 0.261 32.80
Goto 2020 0.033 0.005 0.202 - 33.21
Higuchi 2023 0.011 0.001 0.157 16.98
Song 2023 0.010 0.001 0.141 17.01
Pooled 0.025 0.008 0.075
0.00 025 050 0.75 1.00
12=0%
C Meta Analysis

Figure 1. Forest plots showing outcomes for endoscopic hand suturing in (A) technical success, (B) clinical success, (C) adverse events, (D) bleeding,

and (E) perforation. EHS, Endoscopic hand suturing.

22.5%), clinical success rate of 94% (95% CI, 90-97; =
0%), adverse event rate of 3% (95% CI, 1-6; I* = 0%)
(Table 4), bleeding rate of 2% (95% CI, 1-6; I? 0%),
and perforation rate of 1% (95% CI, 0.4-4; I = 0%)
(Fig. 3).

(continued on the next page)

Risk of bias assessment

Exclusion of individual studies one at a time (sensitivity
analysis) showed similar results to the final outcomes. The
risk of bias is presented using the Newcastle-Ottawa quality
assessment scale (Supplementary Table 1, available online
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EHS Bleeding

Study name

Event rate and 95% ClI

Event Lower Upper Relative
rate limit limit weight
Akimoto 2022 0.022 0.001 0.268 19.71
Goto 2020 0.133 0.051 0.306 40.60
Higuchi 2023 0.011 0.001 0.157 19.84
Song 2023 0.010 0.001 0.141 19.85
Pooled 0.035 0.007 0.154 -
0.00 025 050 0.75 1.00
12 =52%
D Meta Analysis
EHS Perforation

Study name Event rate and 95% CI

Event Lower Upper Relative

rate limit limit weight
Akimoto 2022 0.022 0.001 0.268 24 .82
Goto 2020 0.016 0.001 0.211 24.97
Higuchi 2023 0.011 0.001 0.157 25.09
Song 2023 0.010 0.001 0.141 2512
Pooled 0.014 0.004 0.055
0.00 025 050 0.75 1.00
12=0%

E Meta Analysis

Figure 1. Continued.

at www.giejournal.org) and funnel plots (Supplementary
Fig. 2, available online at www.giejournal.org).

DISCUSSION

To the best of our knowledge, this is the first meta-
analysis indirectly comparing EHS, the OverStitch device,
and the X-Tack closure system for mucosal defects after
endoscopic resection. We found high technical and clinical
success rates (>90%) with all 3 closure systems. Adverse
event rates were observed to be low across all closure sys-
tems (2%-6%), including closure-related bleeding (2%-3%)
and perforation (1%-3%).

Endoscopic resection techniques have had variable rates
of reported adverse events: for ESD, bleeding rates of 1.7%
to 10% and perforation rates of 2.9% to 5.2%; for endo-
scopic full-thickness resection, bleeding rate of 6.2% and
perforation rate of 2.5%; and for EMR, bleeding rates of
6% to 15% and perforation rates of 1% to 2%.">***’ Con-
ventional through-the-scope clips have been classically
used for prophylactic endoscopic defect closure after

endoscopic resection. Technical success or complete
closure rate with clips range from 60% to >90% in clinical
studies, mainly depending on the shape and size of
defect. 17,30-32

Despite the differences in underlying techniques, the
pooled technical success rates of EHS, OverStitch, and X-
Tack were found to be high (>90%) in our analysis. It is
worthwhile noting that the endoscopists performing these
procedures in the clinical studies were experts in endo-
scopic resection and use of closure methods, potentially
limiting the generalizability of these results."™'” Clinical
success rates, which were extrapolated as successful
closure of defects without delayed bleeding or perforation
in our study, were also observed to be uniformly high
across EHS, OverStitch, and X-Tack. In comparison with
these closure methods, endoscopic clips have an inherent
limitation in the strength of closure, resulting in variable
rates of sustained closure.' "

The low rate of adverse events in patients undergoing
successful closure with any of the 3 systems demonstrates
the underlying efficacy of these systems, despite differ-
ences in their technical aspects. EHS is the manual
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Overstitch Technical Success

Study name Event rate and 95% CI
Event Lower Upper Relative
rate limit limit weight
Agnihotri 2024 0.850 0.624 0.951 — 37.22
Ali 2023 0.991 0873 0.999 7.23
Grande 2022 0.967 0.634 0.998 — 7.06
Han 2019 0.967 0.634 0.998 — 7.06
Kantsevoy 2014 0.962 0.597 0.998 — 7.02
Keihanian 2023 0.939 0.788 0.985 — 27.42
Ramay 2018 0.958 0.575 0.997 — 6.99
Pooled 0.935 0.871 0.968 —
0.00 025 050 0.75 1.00
12=0%
A Meta Analysis
Overstitch Clinical Success
Study name Event rate and 95% CI
Event Lower Upper Relative
rate limit limit weight
Agnihotri 2024 0.850 0.624 0.951 — 31.15
Ali 2023 0.982 0.882 0.997 11.99
Grande 2022 0.967 0.634 0.998 — 5.90
Han 2019 0.967 0.634 0.998 — 5.90
Kantsevoy 2014 0.962 0.597 0.998 — 5.87
Keihanian 2023 0.909 0.753 0.970 - 33.32
Ramay 2018 0.958 0.575 0.997 — 5.85
Pooled 0.928 0.867 0.962 —
0.00 0.25 0.50 0.75 1.00
- 12 =0%
B Meta Analysis
Overstitch Adverse Events
Study name Event rate and 95% CI
Event Lower Upper Relative
rate limit limit weight
Agnihotri 2024 0.024 0.001 0.287 B 12.01
Ali 2023 0.018 0.003 0.118 15.65
Grande 2022 0.071 0.010 0.370 - 15.38
Han 2019 0.033 0.002 0.366 — 11.95
Kantsevoy 2014 0.038 0.002 0.403 — 11.92
Keihanian 2023  0.364 0.219 0.537 T—&— 21.17
Ramay 2018 0.042 0.003 0.425 — 11.91
Pooled 0.060 0.015 0.212 -
0.00 025 050 0.75 1.00
12=71%

c Meta Analysis

Figure 2. Forest plots showing outcomes for the OverStitch device in (A) technical success, (B) clinical success, (C) adverse events, (D) bleeding, and
(E) perforation.

(continued on the next page)
placement of sutures using an endoscope and traditional
surgical needle-and-thread technique, the OverStitch de-
vice is a specific endoscopic suturing device for mechanical

placement of full-thickness sutures, and the X-Tack closure
system is the placement of helix tacks with sutures. Agni-
hotri et al'” showed 0% rate of delayed bleeding where
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Overstitch Bleeding

Study name Event rate and 95% CI

Event Lower Upper Relative

rate limit limit weight
Agnihotri 2024 0.024 0.001 0.287 = 11.18
Ali 2023 0.018 0.003 0.118 22.49
Grande 2022 0.033 0.002 0.366 — 11.07
Han 2019 0.033 0.002 0.366 — 11.07
Kantsevoy 2014 0.038 0.002 0.403 — 11.01
Keihanian 2023 0.030 0.004 0.186 22.21
Ramay 2018 0.042 0.003 0.425 — 10.97
Pooled 0.029 0.011 0.070 -
0.00 0.25 0.50 0.75 1.00
- B 12=0%
D Meta Analysis
Overstitch Perforation

Study name Event rate and 95% CI

Event Lower Upper Relative

rate limit limit weight
Agnihotri 2024 0.024 0.001 0.287 — 14.34
Ali 2023 0.009 0.001 0.127 14.56
Grande 2022 0.033 0.002 0.366 — 14.20
Han 2019 0.033 0.002 0.366 — 14.20
Kantsevoy 2014 0.038 0.002 0.403 — 14.13
Keihanian 2023 0.015 0.001 0.196 14.48
Ramay 2018 0.042 0.003 0.425 — 14.08
Pooled 0.025 0.009 0.068
0.00 025 0.50 0.75 1.00
12=0%

E Meta Analysis

Figure 2. Continued.

successful closure was achieved in both the OverStitch and
X-Tack groups. Although the total adverse events with
OverStitch was around 6% in our analysis, as compared
with EHS (2%) and X-Tack (3%), it is difficult to assess
the significance of this difference without sufficient direct
comparison studies.

Our meta-analysis has several strengths. Presenting the
pooled outcomes for 3 closure systems in 1 study helps to
understand the currently available evidence regarding these
closure techniques. Prior meta-analyses have separately as-
sessed the OverStitch and X-Tack suture systems.’”’
Furthermore, we included studies with closure of defects af-
ter 3 common endoscopic resection procedures (eg, ESD,
endoscopic full-thickness resection, and EMR), which
more closely reflects real-world findings.

Our study has limitations. First, the observational nature
of most of the included studies carries over the inherent

selection bias. Second, because of the lack of sufficient
direct comparison studies, we were only able to show
the indirect comparison of the closure systems. Third,
some of the included studies also allowed use of clips in
addition to EHS, the OverStitch, or X-Tack closure system,
which may have skewed the results. Fourth, because clin-
ical studies typically involve only experienced gastroenter-
ologists, the pooled results may not be applicable to
centers where these resection and closure techniques are
infrequently performed.

In conclusion, our meta-analysis showed comparable
high technical and clinical success rates with the use of
EHS, the OverStitch device, and the X-Tack closure
method in patients undergoing endoscopic resection.
EHS and X-Tack had lower adverse event rates than Over-
Stitch. Future direct comparison and cost-effectiveness
studies are needed to corroborate our findings.
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Cc

X Tack Technical Success

Study name Event rate and 95% CI
Event Lower Upper Relative
rate limit limit weight
Farha 2023 0.927 0.847 0.967 —= 48.15
Bi 2023 0.995 0.921 1.000 8.95
Almario 2023  0.986 0.818 0.999 8.88
Agnihotri 2024 0.900 0.676 0.975 —— 25.35
Canakis 2024 0.962 0.597 0.998 8.68
Pooled 0.948 0884 00978 =
0.75 1.00
12 =22.5%
Meta Analysis
X Tack Clinical Success
Study name Event rate and 95% CI
Event Lower Upper Relative
rate limit limit weight
Farha 2023 0.927 0.847 0.967 —= 4948
Bi 2023 0.968 0.906 0.990 - 25.84
Almario 2023 0.986 0.818 0.999 4.39
Agnihotri 2024 0.900 0.676 0.975 — 16.02
Canakis 2024 0.962 0.597 0.998 — 4.28
Pooled 0.944 0903 0.968 -
0.75 1.00
12=0%
Meta Analysis
X Tack Adverse events
Study name Event rate and 95% CI
Event Lower Upper Relative
rate limit limit weight
Farha 2023 0.006 0.000 0.089 8.59
Bi 2023 0.043 0.016 0.108 66.16
Almario 2023 0.014 0.001 0.182 8.52
Agnihotri 2024 0.024 0.001 0.287 8.43
Canakis 2024 0.038 0.002 0.403 8.31
Pooled 0.031 0.014 0.067
0.75 1.00
12 =0%

Meta Analysis

Figure 3. Forest plots showing outcomes for the X-Tack closure system in (A) technical success, (B) clinical success, (C) adverse events, (D) bleeding,

and (E) perforation.

(continued on the next page)
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X Tack Bleeding

Study name

Event rate and 95% CI

Event Lower Upper Relative
rate limit limit weight
Farha 2023 0.006 0.000 0.089 10.22
Bi 2023 0.032 0.010 0.094 Lo 59.72
Almario 2023 0.014 0.001 0.182 10.14
Agnihotri 2024 0.024 0.001 0.287 B 10.04
Canakis 2024 0.038 0.002 0.403 — 9.89
Pooled 0.024 0.010 0.057
0.00 025 050 0.75 1.00
12=0%
Meta Analysis
X Tack Perforation

Study name Event rate and 95% ClI

Event Lower Upper Relative

rate limit limit weight
Farha 2023 0.006 0.000 0.089 20.23
Bi 2023 0.005 0.000 0.079 20.25
Almario 2023 0.014 0.001 0.182 20.08
Agnihotri 2024 0.024 0.001 0.287 — 19.87
Canakis 2024 0.038 0.002 0.403 — 19.57
Pooled 0.013 0.004 0.044
0.00 025 050 0.75 1.00
12 =0%

E Meta Analysis

Figure 3. Continued.
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Supplementary Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram depicting the search strategy.
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Supplementary Figure 2. Funnel plots or (A) endoscopic hand suturing, (B) the OverStitch device, and (C) the X-Tack closure system.
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APPENDIX 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses checklist

Item Location where
Section and topic no. Checklist item item is reported
TITLE
Title 1 Identify the report as a systematic review. 1
ABSTRACT
Abstract 2 See the Preferred Reporting Items for Systematic reviews and Meta-Analyses 2020 for 4
Abstracts checklist.
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of existing knowledge. 5
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 5
METHODS
Eligibility criteria 5  Specify the inclusion and exclusion criteria for the review and how studies were grouped for 6
the syntheses.
Information sources 6 Specify all databases, registers, websites, organizations, reference lists, and other sources 6
searched or consulted to identify studies. Specify the date when each source was last
searched or consulted.
Search strategy 7 Present the full search strategies for all databases, registers, and websites, including any 6
filters and limits used.
Selection process 8  Specify the methods used to decide whether a study met the inclusion criteria of the review, 6
including how many reviewers screened each record and each report retrieved, whether
they worked independently, and, if applicable, details of automation tools used in the
process.
Data collection process 9 Specify the methods used to collect data from reports, including how many reviewers 6
collected data from each report, whether they worked independently, any processes for
obtaining or confirming data from study investigators, and, if applicable, details of
automation tools used in the process.
Data items 10a  List and define all outcomes for which data were sought. Specify whether all results that 6
were compatible with each outcome domain in each study were sought (eg, for all measures,
time points, analyses), and, if not, the methods used to decide which results to collect.
10b List and define all other variables for which data were sought (eg, participant and 6
intervention characteristics, funding sources). Describe any assumptions made about any
missing or unclear information.
Study risk of bias 11 Specify the methods used to assess risk of bias in the included studies, including details of 6
assessment the tool(s) used, how many reviewers assessed each study and whether they worked
independently, and, if applicable, details of automation tools used in the process.
Effect measures 12 Specify for each outcome the effect measure(s) (eg, risk ratio, mean difference) used in the 6
synthesis or presentation of results.
Synthesis methods 13a  Describe the processes used to decide which studies were eligible for each synthesis (eg, 6
tabulating the study intervention characteristics and comparing against the planned groups
for each synthesis [item 5]).
13b  Describe any methods required to prepare the data for presentation or synthesis, such as 6
handling of missing summary statistics, or data conversions.
13c  Describe any methods used to tabulate or visually display results of individual studies and 6
syntheses.
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If 6
meta-analysis was performed, describe the model(s), method(s) to identify the presence and
extent of statistical heterogeneity, and software package(s) used.
13e Describe any methods used to explore possible causes of heterogeneity among study results 6
(eg, subgroup analysis, meta-regression).
13f  Describe any sensitivity analyses conducted to assess robustness of the synthesized results. 6
Reporting bias assessment 14  Describe any methods used to assess risk of bias due to missing results in a synthesis (arising 6

from reporting biases).

(continued on the next page)
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APPENDIX 1. Continued

Item Location where
Section and topic no. Checklist item item is reported
Certainty assessment 15  Describe any methods used to assess certainty (or confidence) in the body of evidence for an 6
outcome.
RESULTS
Study selection 16a Describe the results of the search and selection process, from the number of records 7
identified in the search to the number of studies included in the review, ideally using a flow
diagram.
16b  Cite studies that might appear to meet the inclusion criteria but which were excluded, and 7
explain why they were excluded.
Study characteristics 17 Cite each included study and present its characteristics. 7
Risk of bias in studies 18 Present assessments of risk of bias for each included study. 7
Results of individual 19 For all outcomes, present, for each study, summary statistics for each group (where 7
studies appropriate) and an effect estimate and its precision (eg, confidence/credible interval),
ideally using structured tables or plots.
Results of syntheses 20a For each synthesis, briefly summarize the characteristics and risk of bias among contributing 7
studies.
20b  Present results of all statistical syntheses conducted. If meta-analysis was done, present for 7
each the summary estimate and its precision (eg, confidence/credible interval) and measures
of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c  Present results of all investigations of possible causes of heterogeneity among study results. 7
20d Present results of all sensitivity analyses conducted to assess the robustness of the 7
synthesized results.
Reporting biases 21  Present assessments of risk of bias due to missing results (arising from reporting biases) for 7
each synthesis assessed.
Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome 7
assessed.
DISCUSSION
Discussion 23a Provide a general interpretation of the results in the context of other evidence. 8,9
23b Discuss any limitations of the evidence included in the review. 8,9
23c Discuss any limitations of the review processes used. 8,9
23d Discuss implications of the results for practice, policy, and future research. 8,9
OTHER INFORMATION
Registration and protocol 24a  Provide registration information for the review, including register name and registration Not registered
number, or state that the review was not registered.
24b Indicate where the review protocol can be accessed, or state that a protocol was not Not prepared
prepared.
24c Describe and explain any amendments to information provided at registration or in the Not applicable
protocol.
Support 25 Describe sources of financial or nonfinancial support for the review, and the role of the 2
funders or sponsors in the review.
Competing interests 26 Declare any competing interests of review authors. 2
Availability of data, code 27  Report which of the following are publicly available and where they can be found: template 2

and other materials

data collection forms, data extracted from included studies, data used for all analyses,
analytic code, and any other materials used in the review.
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SUPPLEMENTARY TABLE 1. Risk of bias assessment with the Newcastle-Ottawa quality assessment scale

Representative of the Cohort Primary outcome  Attrition rate (1, all Information
average adult in the size reported patients included; reported on
community (2, >100; Abstract, (1, reported with 0.5, <50% not adverse events
(1, multicenter; 0, single 1, 20-100;  0; full clarity; 0, not included, >50% not (1, reported; 0, not
Study center) 0, <20) article, 1 reported) included) reported) Total
Akimoto 2022"° 0 1 1 1 1 1 5
Goto 2020'® 1 1 1 1 1 1 6
Higuchi 2023'° 1 1 1 1 1 1 6
Song 2023%° 0 1 1 1 1 1 5
Agnihotri 20247 0 1 1 1 1 1 5
Ali 2023" 0 1 1 1 1 1 5
Grande 2022°' 0 0 0 1 1 1 3
Han 2019* 0 0 1 1 1 1 4
Kantsevoy 2014 0 0 1 1 1 1 4
Keihanian 2023'* 0 1 1 1 1 1 5
Ramay 2018 0 0 0 1 1 1 3
Farha 2023'"* 1 1 1 1 1 1 6
Bi 2023”° 1 1 1 1 1 1 6
Almario 2023°° 1 1 1 1 1 1 6
Canakis 2024°’ 1 0 1 1 1 1 5
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